Muscle strengthening exercise in Open Kinetic Chain (OKC) and muscle strengthening exercise in Closed Kinetic Chain (CKC) with a Toe-Heel Pedal Exercise Machine were performed, and were compared the results of knee proprioception tests (threshold test / position sense test). The subjects were 17 patients who had received total knee arthroplasty. They were assigned to either group A (OKC exercise group, n = 9) or group B (CKC exercise group, n = 8). The effect of 3-week exercise therapy was evaluated as the outcome of the knee proprioception tests. In group A, improvement rates were 3.8 ± 6.9% in the threshold test and 7.6 ± 10.7% in the position sense test. In group B, improvement rates were 25.2 ± 4.9% in the threshold test and 27.6 ± 8.2% in the position sense test. Thus, the group of muscle strengthening exercises in CKC with the Toe-Heel Pedal Exercise Machine showed higher improvement rates both in the threshold test and the position sense test.
INTRODUCTION
Open Kinetic Chain (OKC) is the state in which distal ends of the extremities do not touch the ground, and are free from the ground and objects (ie. open state). In contrast, Closed Kinetic Chain (CKC) is the state in which distal ends of the extremities contact the floor or objects that resist against the extremities (ie. closed state). There are several differences between CKC and OKC: (1) CKC is a commonly used position in ADL; (2) CKC transmits the information from the ground and maintains the sense of weight; (3) CKC promotes multi-joint kinetic chain; and (4) CKC leads to central nervous memory. Thus, exercise in OKC is difficult to be considered as exercise comparable with daily activities, but exercise in CKC is more similar to natural activities in usual everyday life 1) .
According to the findings of a number of preceding studies [2] [3] [4] , CKC is recognized as a more effective exercise than OKC. Based on this understanding, a Toe-Heel Pedal Exercise Machine (THP machine), which loads weight on the toes and heels, was developed, in the hope of providing higher exercise effect. To evaluate the effect of the THP machine, the authors performed a study with integrated electromyograms (iEMG) in a preceding study 5) .
In that study, iEMG was measured during the stamping motion, and the result was compared with the result from the motion with a Flat Pedal Exercise Machine. The recorded muscles were the vastus medialis (VM) and the flexor digitorum brevis (FDB). Since both pedaling motions were CKC exercises, the iEMG comparison was performed between the 2 CKC exercises. Both in VM and FDB, iEMG of the stamping motion with THP machine was higher than that with Flat Pedal Exercise Machine.
The purpose of this study was to compare the effect of exercise with the THP machine with the effect of OKC exercise. End points were knee proprioception (threshold/position sense). Subjects were patients who had undergone total knee arthroplasty (TKA) due to knee osteoarthritis or rheumatoid arthritis. The subjects were assigned to either an OKC exercise group (group A) or a CKC exercise group which used the THP machine (group B), and the effects of both exercises were evaluated.
Assigned exercises were conventional and typical quadriceps femoris setting exercise in group A, and stamping exercise with the THP machine in group B.
SUBJECTS AND METHODS

Subjects
Subjects were 17 patients who were admitted to our hospital and received total knee arthroplasty (TKA) (5 males and 12 females, of whom 1 male was evaluated for both lower limbs). Nine and 8 subjects were randomly assigned to group A and group B, respectively. Inclusion criteria of the subjects were the state in which the knee proprioception could be tested, capability of good communication, and ability to understand explanations about the purpose and method of the study. Group A included 8 cases of rheumatoid arthritis (RA) and 1 case of knee osteoarthritis (OA) ( Table 1) ; and group B included 7 cases of RA and 1 case of OA ( Table 2 ). Ranges of severities of 15 RA patients were grade IV-V in the Larsen classification, and stage III-IV in the Steinbroker classification. The severities of 2 OA patients were stage IV or higher according to the radiological findings. The purpose of the study was explained to all subjects, and consent for the study was obtained a s a n e t h i c a l p r o c e d u r e . A d d i t i o n a l l y , confidentiality was protected for subjects' individual interest, and appropriate care was taken.
Exercise assignments
1) Group A The subjects were tested in the dorsal position or long sitting position on the floor. Isometric contraction was performed with the knee extended for 5 seconds, then a break for 5 seconds, and repeat of the same exercise. The patients half sitting position after wheelchair sitting position is permitted. In sitting with the knee bent at 90 degrees, of the knee was extended and kept extended for 5 seconds, then a break for 5 seconds, and repeat of the same exercise. The lower limb on the non-operated side was tested first, then the operated side was tested. Twenty sets of the exercise were performed for each of right and left lower limbs ( Fig. 1-a) .
2) Group B Stamping exercise with THP machine (with 4 springs: spring constant = 0.018) ( Fig. 1-b and 1-c). The subjects were tested in the dorsal position or long sitting position on the floor. The base was set at the exercise-starting position (tension coil spring, 0 cm extended), 3.0 cm short of a fully extended knee, in which the knee is lightly (40 degrees) bent. The pedal was stamped by extending the knee from the lightly bent position to the point where the knee was fully extended (tension coil spring, 3.0 cm extended; tensile strength of the spring, 2.16 kg), the position was kept for 5 seconds (isometric contraction), followed by a return to the exercise starting position, 3.0 cm short of the fully extended position, and a break for 5 seconds. The lower limb on the non-operated side was tested first, then the operated side was tested. Twenty sets of the exercise were performed for each of the right and left lower limbs ( Fig. 1-b ).
Instruction was given to all patients in both groups to perform 20 sets × 2 of active ankle plantarflexion and dorsiflexion just after surgery to prevent the deep vein thrombosis (DVT). In our hospital, patients who will undergo TKA are admitted 1 or 2 days before surgery, and receive prescriptions for preoperative rehabilitation from the attending physician. Then preoperative evaluation and preoperative rehabilitation are started. After the operation, the drainage tube is removed on the next day, and bed rehabilitation is started. Under instructions from physicians, patients will start wheelchair transfer training and go to the rehabilitation room from 2 or 3 days after the surgery, and proceed to full weight bearing training from 7 days after surgery unless there is risk of complications. All exercise therapies were performed under the supervision of physical therapists. In the hospital, in order to prevent DVT, nurses intermittently attach a foot compression pump (AV impulse system) to the lower leg-foot of the both lower limbs of all patients immediately after surgery, and give ROM exercise (ROMex) to patients using continuous passive motion (CPM) after the removal of the drainage tube.
3) TKA technique
The TKA technique used in our hospital is a parapatella approach. An incision is made from the tendon of quadriceps femoris to the medial side of the patellar ligament along the medial edge of patella. The posterior cruciate ligaments (PCL) are preserved, but in cases of severe deformities such as those seen in RA patients, the PCL is resected. The types of joint prosthesis used for the surgery are surface replacement / non-constrained types.
Measurement items and measurement methods 1) Threshold measurement method
The subjects were tested in the half sitting position on the COMBIT CB-2 with the arm set so that the knee was bent at 60 degrees. Visual stimulation was blocked with an eye mask, and auditory stimulation was blocked with a headphone. The knee was passively extended at angular velocity of 0.1 degrees/second from a flexion of 60 degrees. The subject was instructed to orally report to the examiner when any slightest movement was sensed. The examiner measured the time (in second) to the sensing. Tests were performed for both sides. For each of 20 lower limbs of 10 subjects, the time to the sensing was measured 3 times in a test, and the mean time (in second) was calculated and analyzed.
2) Measurement method of position sense The subjects were tested in the half sitting position on the COMBIT CB-2, and the arm was set so that the knee was bent downward at 90 degrees. Visual stimulation and auditory stimulation were blocked in the same ways as those of the threshold test. The knee was passively extended at an angular velocity of 0.1 degrees/second from flexion at 90 degrees. Tested angles were flexions of 85 degrees for the first test, 75 degrees for the second test, and 65 degrees for the third test. Subjects were instructed to maintain the status at the angles for 5 seconds every time and to learn the positions. After the instruction, the knee was returned to 90 degrees flexion, and again extended at the angular velocity of 0.1 degrees/second. Subjects were instructed to orally report to the examiner when they sensed that they had reached the learned position. The examiner measured the difference between the angle and the targeted angle. Tests were performed for both sides. The preliminary exercises were done twice, and then the measuring test was performed. For each of 20 lower limbs of 10 subjects, the difference between the angle and the targeted angle was measured for 3 angles (flexions of 85, 75, and 65 degrees), and the means of the difference were calculated and analyzed. For the test, our original knee proprioception measuring device was attached to the COMBIT CB-2.
In order to avoid learning effect and to examine reliability between examiners, 7 days interval between the tests by examiners A and B took place. Preoperative measurement was performed 1 or 2 d a y s b e f o r e t h e s u r g e r y . P o s t o p e r a t i v e measurement was performed 21 or 22 days after the surgery.
STATISTICAL ANALYSIS
For endpoints of knee proprioception, measurement results were indicated as mean ± standard deviation. Additionally, improvement rate based on the endpoint measurement before the exercise therapy was calculated, and the results were compared between the 2 groups with the Mann-Whitney U test. Statistics was performed with SPSSver. 10.0 J for Windows. The level of significance was p<0.05.
RESULTS
The knee proprioception study including the threshold test and position sense test was performed, and the effects of 3 weeks of exercise therapy in groups A and B were evaluated. Comparison of results obtained from the threshold test and the position sense test between before and after the exercise therapy are shown in Table 3 . In group A, mean increase of improvement rate was 3.8 ± 6.9% in the threshold test, and 7.6 ± 10.7% in the position sense test, which indicated no significant difference between before and after the exercise therapy (p>0.05). In group B, mean increase was 25.2 ± 4.9% in the threshold test, and 27.6 ± 8.2% in the position sense test, which indicated significant increase (p<0.05).
DISCUSSION
The development purpose of the THP machine ( Figs. 1-b and 1-c) was to examine methods of muscle-strengthening exercise in CKC, which is similar to daily activities, on the bed as an early exercise therapy used on 2 or 3 days after total hip arthroplasty (THA) or TKA, and to promote the effect of neuromotor activity 1) which is considered effective for improvement of joint proprioception. In quadriceps femoris setting exercise performed in the dorsal position on the bed or sitting, lower limbs are in the OKC position, which tends to load only the quadriceps femoris and to strengthen the muscle, thus often causing fatigue 1) . Additionally, such exercise is not reasonable, because the recovery of the original function of bipedal locomotion is important and the exercise under load is recommended from the early stages. In muscle strengthening exercises in CKC, the load chain may cause simultaneous contraction not only in the quadriceps femoris but also in the biceps femoris, tibialis anterior, and triceps surae 7) .
THP machine is designed so that the lateral and medial vertical arches do not touch any object. Thus weight is loaded on the toes and heels, which produces tension in the FDB causing isometric contraction. Throughout the stamping motion, isometric muscle-strengthening exercise of FDB is automatically done.
The human sole has a natural arch between the great toe/little toe area and the heel, and this structure produces tension in the sole when loaded 8) . It will produce a greater tension by putting a weight load between five toes and a the heel, and thus can be an exercise to strengthen the toe grip. Additionally, a study 8) reported that toe exercises to strengthen toe grip may improve neuromotor coordination by activating mechanoreceptors, and also induce chain action of plantaris, gastrocnemius and hamstring muscles, which may improve and p r o m o t e t h e p o s i t i o n c o n t r o l f u n c t i o n . Furthermore, Bunton 9) et al. reported that the goal of CKC is to improve proprioceptive sensation, and to establish the stability of lower limbs when unexpected change of direction or speed of movement occurs in these limbs.
In analysis of iEMG in our preceding study 2) , it was confirmed that CKC training which loads weight on the toes and heels by stamping on the THP machine was a more effective muscle strengthening exercise for the whole lower limb than OKC training which performs exercise similar to usual bicycle pedaling by stamping on a Flat Pedal Exercise Machine ( Fig. 1-d) .
In the evaluation of the effect of 3-week training in this study, a significant improvement was seen in neither the threshold test nor the position sense test in group A in which the OKC training was performed. On the other hand, in the group B in which the CKC training was performed, mean improvements were 25.2 ± 4.9% in the threshold test, and 27.6 ± 8.2% in the position sense test, indicating a significant improvement (p<0.05).
Usually, exercise therapies of TKA patients are started from the following surgery in accordance with exercise programs containing muscle strengthening exercise, range of motion exercise, and neuromuscular coordination exercise. However performing various exercise programs is difficult for patients who are still under the influence of general anesthesia. Exercise therapy for a TKA patient needs to be a simple exercise therapy which is easy to understand. Furthermore, establishment of range of motion and moderate muscle contraction as well as an effective exercise environment such as CKC need to be coordinated depending on symptoms. Based on these clinical backgrounds and above mentioned findings from the preceding study, we have developed the THP machine, and used it for exercise therapy of TKA patients (group B). In summary, effects of the THP machine may include:
(1) a muscle strengthening exercise effect for quadriceps femoris; (2) a muscle strengthening exercise effect for isometric plantar muscle contraction, and (3) a knee proprioception improvement effect. In this study, 18 lower limbs of 17 TKA patients were divided into an OKC exercise group and a CKC exercise group. Each group performed different exercise therapies, and then studies on knee proprioception were done.
As a result, exercise therapy with the THP machine, performed in the CKC exercise group, showed effects of neuromotor activity, contributing to improvement of knee proprioception. This result indicates that the exercise therapy was useful as effective exercise therapy for TKA patients.
